In this research article, ionic liquid modified SBA-15 mesoporous material (SBA-IL) as a recyclable, heterogeneous catalyst efficiently catalyzed the synthesis of pyranonaphthoquinonefused spirooxindoles through the one-pot three-component reaction of isatin derivatives, activated methylene reagents, and 2-hydroxy-1,4-naphthoquinone. The reactions were performed under microwave irradiation and solvent-free conditions. The synthesized SBA-IL was characterized by SEM, FT-IR, nitrogen adsorption-desorption, and thermogravimetric analyses.
Introduction
Since the discovery of a class of periodic mesoporous silicas known as the M41S phase by the Mobil Oil Company in 1992 [1] , mesoporous silica materials have gained considerable attention.
SBA-15 materials as a kind of mesoporous silica possess a number of special physical and chemical properties such as well-ordered hexagonal structure, high surface area, and high thermal stability that makes it a unique inorganic solid support. Chemical modification of SBA-15 can create a wide variety of novel materials with improved catalytic properties as compared to conventional catalysts [2] . Besides their use as catalysts [3] , modified SBA-15 silica materials are considered a promising class of materials in various areas including chemosensors [4] [5] , adsorbents [6] , gas storage [7] , drug delivery [8] [9] , etc. Among different organically modified SBA-15 materials, immobilization of ionic liquids (ILs) onto solid-based materials has received significant attention from researchers. ILs, have emerged as promising environmentally benign media, not only as favorable solvents for catalysis but also as green catalysts themselves in various reactions [10] . Although the recovery of involatile IL from reactions is achievable in many cases, liquid-phase processing is still required. The support of ILs on solids to provide heterogeneous systems gave significant improvement in this context in which simpler workup procedures via filtration/ decantation of the solid material were allowed [11] .
Heterocyclic compounds have received tremendous attention in chemical literature as a result of their abundance in natural products and their diverse and profound biological activities [12] [13] .
In this respect, indole nucleus represent an important class of bioactive heterocyclic compounds in organic and medicinal chemistry [14] . In addition, it has been reported that the biological activity will be highly improved in C-3 spiroindoline derivatives [15] . The resulting spirooxindoles are found in a variety of natural products and bioactive molecules ( Isatin and its derivatives also possess a variety of useful biological properties and using isatin as precursor in multicomponent reactions usually leads to the formation of spiro-fused cyclic frameworks [16] [17] [18] . In the literature, there exist few reports on multicomponent entries to the synthesis of pyranonaphthoquinone-fused spirooxindoles. Ghahremanzadeh et al. reported a three-component condensation of isatins, activated methylene reagents, and 2-hydroxy-1,4-naphthoquinone catalyzed by p-toluenesulfonic acid (p-TSA) in refluxing water [19] . This reaction was also carried out in the presence of TBAB (tetrabutyl ammonium bromide) in water and solvent-free conditions [20] . Pyranonaphthoquinone-fused spirooxindoles were also prepared by the organocatalytic asymmetric cascade Michael cyclization reaction of 2-hydroxynaphthalene-1,4-diones to isatylidene malononitriles [21] [22] .
In this context, although some noteworthy advances have been developed in recent years, the development of new and efficient methods utilizing a more appropriate and more accessible catalyst remains in high demand for the construction of pyranonaphthoquinone-fused spirooxindoles. Taking these studies into account and our own experience in the field of 4 modification and application of nanoporous heterogeneous solid catalysts in organic reactions [23] [24] [25] [26] [27] [28] [29] [30] [31] , in this paper, we explore the catalytic activity of SBA-IL as a highly efficient catalyst towards the synthesis of pyranonaphthoquinone-fused spirooxindoles. Previously, we have reported the application of SBA-IL as a nano-catalyst in successful synthesis of benzo [4, 5] imidazo[1,2-a]pyrimidines [32] and polyhydroquinoline derivatives [33] .
Experimental

Materials and methods
The chemicals employed in this work were obtained from Merck and Aldrich chemical companies. Melting points were measured using an Electrothermal 9200 apparatus through the capillary tube method. IR spectra were recorded from KBr disks using a FT-IR Bruker Tensor 27 instrument in the range of 400-4000 cm -1 . 
Catalyst preparation
SBA-IL was synthesized based on the method reported before [32] . The overall procedure for preparation of SBA-IL is illustrated in Scheme 1. SBA-IL was prepared by synthesizing SBA-15 5 and performing one simple subsequent functionalization step using N-methyl-N'-propyltrimethoxysilyl imidazolium chloride to afford SBA-IL. In order to optimize the reaction condition, initially we screened the effect of solvent and temperature on the model reaction of isatin 1, malononitrile 2, and 2-hydroxy-1,4-naphthoquinone 3 in the presence of SBA-IL as the catalyst (Table 1) . Using ethanol as the solvent was found to be ineffective for this reaction, resulted in a trace amount of the desired product after the reaction time was extended to 180 min ( Entry 7) . We also studied catalyst-free system at 160 ºC to screen the presence of catalyst. As shown in Table   1 , entry 8, it was found that without any catalyst only 25% product yield will be achieved after 60 min. At the final evaluation step, we repeated the model reaction under microwave irradiation which resulted in the isolation of the desired product in 94% yield within 8 min ( Figure 2 shows the synthesis of pyranonaphthoquinone-fused spirooxindole 4a as a function of the temperature and time. It can be seen that the yield of 4a increases with increase in reaction temperature until 150 ºC which is the optimum point. After this point, increasing the reaction temperature did not show a positive effect on the product yield which could be due to decomposition of the product at the higher temperature. As clearly visible in this figure, the yield of compound 4a is powerfully influenced by reaction temperature and time of the multicomponent process. In fact, due to the presence of SBA IL as a nano-reactor in this reaction, the reaction time is very short. Table 2 . It has been observed that isatins having either electron-donating (alkyl) or electronwithdrawing groups (halides) were well tolerated in the corresponding reaction.
Scheme 1. Preparation of ionic liquid functionalized SBA-15 (SBA-IL).
General procedure for the synthesis of pyranonaphthoquinone-fused spirooxindoles (4a-
Scheme 2. Synthesis of pyranonaphthoquinone-fused spirooxindoles in the presence of SBA-IL. spirooxindoles. Table 3 illustrates a comparison among the catalytic efficiency of SBA-IL and other catalysts used for the synthesis of pyranonaphthoquinone-fused spirooxindole 4a. The results clearly indicate that the catalytic activity of SBA-IL is comparable and even superior than other existing methods (Table 3) . 
Catalyst identification
The structure of SBA-IL was characterized by SEM, FT-IR, nitrogen adsorption-desorption and TGA analyses. Figure 3 shows the FT-IR spectra of SBA-15 and SBA-IL. As illustrated, both materials exhibit characteristic bands of mesoporous silica type materials i.e., the bands at 800, 960, 1100, and a wide peak at 3400 cm 
Catalyst reusability
Lastly, the recyclability of SBA-IL for the preparation of model product 4a was examined under the optimized conditions (solvent-free conditions at 150 ºC). For this purpose, the catalyst was 17 separated through a simple filtration after the first reaction run, washed with EtOH and dried under vacuum. Then the recovered catalyst was reused for the next run of the reaction. The recycling of the catalyst was carried out up to four reaction runs (Figure 7 ). The isolated yields for the four runs were found to be 95, 93, 92, and 89%, respectively. 
Conclusions
In conclusion, an efficient synthesis of desired pyranonaphthoquinone-fused spirooxindoles has been achieved via a one-pot three-component reaction of corresponding isatins, activated methylene reagents, and 2-hydroxynaphthalene-1,4-dione under both conventional heating and microwave irradiation in the presence of SBA-IL as a heterogeneous nanocatalyst. Excellent chemical yields, shorter reaction profiles, mild reaction condition, recyclability of the catalyst and easy workup procedures make the proposed method a sustainable alternative. Yield
